Background {#Sec1}
==========

It is well-known that many real life phenomena in physics and engineering can be modelled by systems of linear and nonlinear differential equations. One class of these systems is of second order boundary value problems. The existence of solution to such system was studied in Chen et al. ([@CR4]), Cheng and Zhong ([@CR5]), Thompson and Tisdell ([@CR23]). Consider the following linear system of second-order boundary value problems:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${ \left\{ \begin{array}{l} {u}^{\prime\prime}(x)+{a}_1(x){u}^{\prime}(x)+{a}_2(x){u}(x)+{a}_3(x){v}^{\prime\prime}(x)+{a}_4(x){v}^{\prime}(x)+{a}_5(x){v}(x)={f}_1(x)\\ {v}^{\prime\prime}(x)+{b}_1(x){v}^{\prime}(x)+{b}_2(x){v}(x)+{b}_3(x){u}^{\prime\prime}(x)+{b}_4(x){u}^{\prime}(x)+{b}_5(x){u}(x)={f}_2(x)\\ u(0)=u(1)=0, v(0)=v(1)=0, \end{array}\right.}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$a\le x\le b$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${f}_1(x)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${f}_2(x)$$\end{document}$ are continuous functions, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${a}_i(x)$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${b}_i(x)$$\end{document}$, for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$i=1,2,3,4,5$$\end{document}$, are real-valued functions of *x* that are smooth enough.

There are many studies on the solutions of linear and nonlinear systems of second-order boundary value problems approximately. Amongst others are variational iteration, reproducing kernel, sinc-collocation, modified homotopy analysis, continuous genetic algorithm, He's homotopy perturbation, Laplace homotopy analysis, homotopy perturbation-reproducing kernel, and local radial basis function based differential quadrature methods (Lu [@CR19]; Geng and Cui [@CR11]; Dehghan and Saadatmandi [@CR8]; Bataineh et al. [@CR2]; Arqub and Abo-Hammour [@CR1]; Saadatmandi et al. [@CR21]; Ogunlaran and Ademola [@CR20]; Geng and Cui [@CR12]; Dehghan and Nikpour [@CR7]). The main purpose of our present study is to apply a spline function in solving Eq. ([1](#Equ1){ref-type=""}). This equation had already been treated using cubic B-spline, cubic B-spline scaling functions, sinc-collocation, and spline collocation approaches (Caglar and Caglar [@CR3]; Dehghan and Lakestani [@CR6]; El-Gamel [@CR9]; Khuri and Sayfy [@CR18]).

In 2003, Han and Liu proposed an extension of cubic B-spline of degree four with one free parameter, $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda$$\end{document}$. This parameter is introduced within the basis function in order to increase the flexibility of the spline curve (Han and Liu [@CR16]). Then, Xu and Wang generalized the extension to degree five and six (Gang and Guo-Zhao [@CR10]). Our goal is to apply the simplest B-spline extension, that is, extended cubic B-spline of degree four, in solving Eq. ([1](#Equ1){ref-type=""}). Linear and singular boundary value problems has already been solved using extended cubic B-spline of degree four and an approach of optimizing $\documentclass[12pt]{minimal}
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                \begin{document}$$\lambda$$\end{document}$ has been proposed (Hamid et al. [@CR15]; Goh et al. [@CR13]). The results are promising and thus become the motivation of this study.

In this paper, extended cubic B-spline will be discussed along with the extended cubic B-spline method (ECBM). Optimization of the free parameters and calculations on the truncation error will follow. Three examples will be presented and comparisons with other methods will be made.

Extended cubic B-spline method {#Sec2}
==============================

Extended cubic B-spline is an extension of B-spline Gang and Guo-Zhao ([@CR10]). One free parameter, $\documentclass[12pt]{minimal}
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Extended cubic B-spline {#Sec3}
-----------------------
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From the basis function, an arbitrary spline curve can be generated by the following formula:$$\documentclass[12pt]{minimal}
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Extended cubic B-spline interpolation {#Sec4}
-------------------------------------
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Solution of system of second order boundary value problem {#Sec5}
=========================================================

In this part, a collocation approach based on extended cubic B-spline basis functions is used to obtain the numerical solutions of a class of systems of linear second order boundary value problems ([1](#Equ1){ref-type=""}). The approximate solution ([3](#Equ3){ref-type=""}) should satisfy the differential equation at points $\documentclass[12pt]{minimal}
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Error estimation {#Sec7}
================

The technique for finding the error estimate as in Kadalbajoo and Kumar ([@CR17]) is extended to the system of linear second order differential equations. In this part, a truncation error for the present method in the interval \[0, 1\] is presented. Suppose that *u*(*x*) and *v*(*x*) are functions with continuous derivatives in \[0, 1\]. By using the formulas of *u*(*x*) in ([4](#Equ4){ref-type=""}), the following relationship can be obtained.$$\documentclass[12pt]{minimal}
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Results and discussions {#Sec8}
=======================

Several examples are discussed to demonstrate the efficiency of the proposed method. The results are compared with that of variational iteration, analytical approximation, sinc-collocation, reproducing kernel, He's homotopy perturbation, Laplace homotopy analysis, and B-spline methods (Lu [@CR19]; Geng and Cui [@CR11]; Dehghan and Saadatmandi [@CR8]; Saadatmandi et al. [@CR21]; Ogunlaran and Ademola [@CR20]; Caglar and Caglar [@CR3]). The results are also presented with different values of *n*. Calculations were carried out using Wolfram Mathematica 10 with Intel(R) Core(TM) i5 CPU 3GHz processor, 4.00 GB RAM. The optimization can only be done for $\documentclass[12pt]{minimal}
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-----------
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Conclusions {#Sec9}
===========

In this research, a new method for finding approximate solutions for a system of second order boundary value problems based on extended cubic B-spline was proposed. This method is called extended cubic B-spline method. The error estimation was carried out and the truncation error was found to be of order $\documentclass[12pt]{minimal}
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